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I.  IPONIORiNCi  MiliTAMv  activity 

Air  Force  Rocket  Propulsion  Laboratoi 
Air  Force  Systems  Command,  USAF 
Edwards,  California  93523 


.  Alr  i  orce  weapons  systems  require  long-term,  maintenance -free  storage, 

preferably  under  uncontrolled  environmental  conditions.  Liquid  propulsion 
system  components  must  be  capable  of  satisfactory  operations  after  years  of  expo¬ 
sure  to  highly  reactive  propellants  while  retaining  the  propellant  without  leakage 
under  severe  ambient  conditions  of  temperature  and  relative  humidity.  Oxidiser 
leakage  caused  by  improper  component  design  and  severe  ambient  storage  conditions 
has  presented  serious  operational  problems. 

The  Air  Force  Rocket  Propulsion  Laboratory  (AFRPL)  is  performing  a 
program  to  investigate  the  storability  of  liquid  system  components  and  tankage  under 
•  evere  conditions  of  relative  humidity  and  temperature.  A  variety  of  system  com¬ 
ponents  and  tankage  materials  is  being  evaluated  for  long-term  storability  with 
liquid  rocket  fuels  and  oxidizers.  Storage  conditions  are  +  85"f  temperature  and 
85  percent  relacive  humidity  for  oxidizer  systems,  and  +65°F  to  +165°F  temperature 
and  uncontrolled  humidity  for  fuel  systems.  The  propellants  under  test  are  N-Oh, 

C IF.,  N^H,  and  MHF-5.  Tankage  materials  under  test  are  various  alloys  of* 
aluimnum,  Steel  and  titanium.  Tankage  is  joined  by  automatic  and  manual  TIG,  EB 
and  solid-state  bonding  techniques. 

The  results  of  almost  4  years  of  Lesting  on  a  representative  number  of 
tankage  materials  have  indicated  that  leakage  of  oxidizers  can  occur  as  a  result  of 
improper  weld  joint  design,  inadequate  quality  control  in  fabrication  and  acceptance 
leak  testing.  Factors  which  can  contribute  to  the  development  of  oxidizer  leakage  ari 
high  ambient  relative  humidity  ( >30  percent)  and  stress  corrosion  cracking  suscepti¬ 
bility  of  tank  material  in  combination  with  the  propellant  and  trace  quantities  of 
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specifications,  or  other  data,  is  not  to  be  regarded  by  implication  or 
otherwise,  or  in  any  manner  licensing  the  holder  or  any  other  person 
or  corporation,  or  conveying  any  rights  or  permission  to  manufacture , 
use,  or  sell  any  patented  invention  that  may  in  any  way  be  related 
thereto. 
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ABSTRACT 


Air  Force  weapons  systems  require  long-term,  maintenance- free 
storage,  preferably  under  uncontrolled  environmental  conditions.  Liquid 
propulsion  system  components  must  be  capable  of  satisfactory  operation 
after  years  of  exposure  to  highly  reactive  propellants  while  retaining 
the  jiropellant  without  leakage  under-  severe  ambient  conditions  of  temper¬ 
ature  and  relative  humidity.  Oxidizer  leakage  caused  by  improper 
component  design  and  severe  ambient  storage  conditions  has  presented 
serious  operational  problems;:  - 

The  Air  Force  Rocket  Propulsion  Laboratory  (AFRPL)  is  performing 
a  program  to  investigate  the  storability  of  liquid  system  components  and 
tankage  under  severe  conditions  of  relative  humidity  and  temperature.  A 
variety  of  system  components  and  tankage  materials  is  being  evaluated  for 
long-term  storability  with  liquid  rocket  fuels  and  oxidizers.  Storage 
conditions  are  +85°  F  temperature  and  85  percent  relative  humidity  for 
oxidizer  systems,  and  +65°F  to  +165°F  temperature  and  uncontrolled 
humidity  for  fuel  systems.  The  propellants  under  test  are  N2C>4,  CIF^, 
N2H4  and  MHF-5.  Tankage  materials  under  test  are  various  alloys  of 
aluminum,  steel  and  titanium.  Tankage  is  joined  by  automatic  and  manual 
TIG,  SB  and  solid-state  bonding  techniques. 

The  results  of  almost  4  years  of  testing  on  a  representative  number 
of  tankage  materials  have  indicated  that  leakage  of  oxidizers  can  occur  as 
a  result  of  improper  weld  joint  design,  inadequate  quality  control  in  fab¬ 
rication  and  acceptance  leak  testing.  Factors  which  can  contribute  to  the 
development  of  oxidizer  leakage  are  high  ambient  relative  humidity 
(>30  percent)  and  stress  corrosion  cracking  susceptibility  of  tank 
material  in  combination  with  the  propellant  and  trace  quantities  of  foreign 
comp  -  is /elements  in  the  propellant.  Testing  of  fuels  has  indicated 
that  precipitation-hardened  steels  can  cause  heterogeneous  phase  decom¬ 
position  of  hydrazine. 
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FOREWORD 


This  report  covers  the  testing  of  liquid  rocket  propellant  tankage 
nnil  propellant  subsystems  to  evaluate  their  long-term  storage  character¬ 
istics..  The  testing  is  being  conducted  by  the  Air  Force  Rocket  Propulsion 
Laboratd^y,  Edwards,  :California,  under  Project  No.  305805FRJ.  Testing 
is  being' Conducted  in  test  areas  1-40  and  1-36,  The  project  engineer  is 
Lt  Elowar'd  M.  White;  the  test  engineer  is  Mr.  Clifford  T.  Hurd.  This 
report  covers  all  work  done  under  Project  305805FRJ  through  June  1971. 
Previous  reports  written  on  this  project  are:  AFRPL-TR-69-82,  "Long 
To rm  Storability  of  Propellant  Tankage  and  Components,"  AFRPL-TR- 
70-43,  "Long-Term  Sioraoility  of  Propellant  Tankage  and  Components 
Interim  Report  No,  2,  "  and  AFR PL- TR - 7 1  - 20,  "Long  Term  Storability 
of  Propellant  Tankage.  "  This  report  will  be  presented  at  the  1971  JANNAF 
Combined  Propulsiun  Meeting  1  November  1971  through  4  November  1971. 


This  technical  report  has  been  reviewed  and  is  approved 


JERRY  N.  MASON,  Capt.  USAF 

Chief,  Subsystems  Branch 

Air  Force  Rocket  Propulsion  Laboratory 
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SECTION  I 


INTRODUCTION 


Experience  with  liquid  propellant  rocket  feed  systems  has  siiown 
that  the  leakage  of  oxidizers  can  occur  and  constitute  a  difficult  problem 
under  certain  environmental  conditions.  In  propellant  lankage  and  certain 
types  of  feed  systems,  leakage  is  most  frequently  observed  at  or  near 
weldments.  It  has  been  shown  experimentally  for  N ^ that  when  a  vapor 
leak  occurs  (through  a  weldment  microcrack  for  example),  the  result  is 
drastically  influenced  by  the  relative  humidity  of  the  atmosphere 
surrounding  the  tank  (Reference  1).  If  the  relative  humidity  is  on  the 
order  of  30  percent  or  lower,  the  vapor  from  the  leak  (principally  NO^) 
will  dissipate  into  the  atmosphere  and  does  nothing  to  aggravate  the  leakage. 
If  the  environment  surrounding  the  tank  has  a  relative  humidity  of  greater 
than  30  percent, the  vapor  from  the  leak  will  not  dissipate  into  the 
atmosphere,  but  rather  the  vapor  will  hydrolyze  with  the  water  vapor  in 
the  air,  forming  dilute  nitric  acid  •  the  exterior  surface  in  the  immediate 
vicinity  of  the  original  leak.  Figure  1  clearly  shows  the  resultant 
corrosion  and  discoloration  that  results  from  this  process.  The  nitric 
acid  has  a  further  effect  in  that  it  will  enlarge  the  original  leak  path  by 
working  inward  toward  the  ?ource  of  the  leak.  In  time,  small  or  even 
minute  vapor  leaks  can  become  large  liquid  leaks,  if  they  are  allowed  to 
proceed.  Although  a  similar  detailed  experimental  program  lias  not  been 
performed  with  the  storable  interhalogen  oxidizers  such  as  CIF-,  an 
analogous  process  would  be  expected  with  hydrogen  fluoride  as  the  hydro¬ 
lysis  product.  Failures  of  tankage  with  the  above  propellants  lend 
credence  to  the  foregoing  hypothesis  of  the  interhalogen  oxidizers. 


Figures  and  tables  are  presented  sequentially  beginning  on  pages  26  and 
47  .respectively. 
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In  the  past,  I  he  selection  of  materials  for  system  applications  has 
been  based  upon  conventional  fluid/material  compatibility  testing  lo  deter¬ 
mine  discoloration  pitting,  weight  gain  or  loss,  notch  sensitivity,  stress 
corrosion  cracking  susceptibility,  potential  degrading  effects  on  the  propel¬ 
lant,  and  to  a  certain  extent,  a  particular  system  contractor's  experience 
with  the  fabrication  of  various  materials  likely  to  be  used  on  the  system 
in  question. 

Even  after  this  thorough  analysis  and  selection  process,  the  material 
and/or  processing  used  in  the  propellant  tankage  may  not  function  properly 
or  leaks  may  develop  during  the  extended  time  required  of  many  current 
liquid  rocket  systems,  it  is  readily  apparent  that  the  use  of  conventional 
compatibility  criteria,  while  certainly  a  part  of  the  material  selection 
process,  is  not  in  and  of  itself  suitable  for  the  selection  of  materials  for 
the  extended  storage  of  liquid  rocket  propellants  when  fabricated  into 
system  tankage. 

The  major  limitation  on  interpreting  long-term  storability  effects  in  a 
realistically  severe  storage  environment  is  the  inability  of  conventional 
fluid/material  compatibility  criteria  to  predict  leakage.  Small,  undetected 
inholes  or  microcracks  could  be  formed  by  an  attack  by  the  propellant  or 
grain  boundary  precipitates  and  weld  inclusions  that  might  never  be 
detected  through  weight  gain  or  loss  calculations.  Furthermore,  the  pos¬ 
sibility  of  such  defects  forming  is  greater  in  the  high-strength,  limited 
weldability  materials  frequently  used  in  liquid  rocket  propellant  tankage. 

The  size  and  method?  of  producing  test  specimens  used  in  compatibility 
work  eliminates  many  of  the  manufacturing  and  quality  control  procedures 
associated  with  production  systems.  Smooth,  polished  samples,  welded  or 
unwelded,  are  not  comparable  to  fabricated  tankage  material.  The  exper¬ 
ience  of  the  Titan  II  weapons  system  is  an  excellent  example  of  the  inabili¬ 
ty  to  translate  basic  fi uid /material  compatibility  data  to  fabricated  tank¬ 
age  material.  In  that:  case,  the  tank  ge  material,  2014-T6  aluminum,  is 
compatible  with  the  oxidizer,  MJ.L-P-265398;  however,  in  the  field, 

th  missile  was  plagued  by  leakage,  frequently  occurring  in  the  tankage 
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weldments  or  heat-aflecled  weld  zone,  in  .1  h.nr.id  i-r.vii'onnienl  (  <  30  percent 
relative  hur,  .idity). 

L.ong  periods  of  storage  may  alleel  the  functional  performance  and 
system  reliability  of  prepackaged  propulsion  systems.  To  lac  >r  the 

«  t  n  r  a  hi  1  i  f \r  t/ari  ahln  i  n  on  □  rl  nn  1 1  n  t-n  n  (  n  n  n  o  »•  *v%  t  h  w  >  »«..•>  o  >•  K  r.  .  .  I  rl  U  <.  .•  /.  » 

sidered.  Storage  conditions  must  be  selected  that  are  representative 
of  operational  system  conditions.  Such  factors  as  temperature  and 
humidity  play  an  important  role.  A  detailed  propellant  analysis  before 
and  after  testing  is  required  to  evaluate  the  effects  of  storage  on  the 
propellant.  The  cleanliness  levels  of  the  test  articles  must  be  known  for 
reasons  of  safety,  but  equally  important,  for  evaluating  the  process  which 
was  used  to  effect  this  cleaning  level.  Materials  and  chemicals  used  for 
cleaning  may  have  an  effect  upon  system  life.  In  the  same  manner, 
manufacturing  processes  and  quality  control  standards  may  impose  many' 
unforeseen  conditions  which  vary  from  one  manufacturer  to  another, 
throughout  the  fabrication  of  tankage  (i.  e.  ,  during  forming,  welding, 
inspection  and  testing),  ail  data  should  be  available  for  a  meaningful 
post-test  failure  analysis  in  the  event  of  a  test  article  failure.  Metal 
preparation  prior  to  welding  may  make  the  difference  between  a  satis¬ 
factory  or  unsatisfactory  weld  with  regard  to  its  ability  lo  contain 
propellant  without  leakage.  Helium  leak  testing  of  systems  and  the  tech¬ 
nique  of  leak  testing  are  very  important  since  small  leakage  which  cannot 
be  detected  by  X-ray  or  dye-penetrant  inspection  can  lead  to  propellant 
leakage  under  adverse  environmental  conditions.  These  very  small  leaks 
can  be  detected  through  helium  leak  testing.  The  above  variables  must  be 
known  and  controlled  in  a  menn.ngful  slorabilily  investigation. 

Although  there  has  not  been  a  storability  problem  of  the  magnitude 
of  the  oxidizer  storability  problem  on  the  l  itar.  II,  present  and  future 
monopropellant  satellite  systems  require  long-term  storability  data  so 
their  system  designers  can  design  systems  with  confidence  with  3-  to  10- 
year  mis s ion  live s ,  In  the  long-term  storability  of  hydrazine,  the  failure 

mode  is  one  of  propellant  decomposition  rather  than  leakage.  This  de¬ 
composition  is  catalyzed  by  impunities  in  the  materials  in  contact  with  the 

propeltant;  therefore,  the  tanks  must  be  prepassivated  or,  in  the  extreme, 

3 


'>t;  allowed  to  sol  l  -  pass  s  >  vat(*  \v::ot'.  loaded  with  propellant.  The  use  of 
standard  fluid/ material  compatibility  teats  will  demonstrate  basic 
prope llant /mate r ial  compatibility.  The  premise  in  this  fuel  storability 
program  is  that  completely  fabricated  tankage  must  he  loaded  with 
propellant  and  placed  in  extended  storage  to  permit  evaluation  of  fabri¬ 
cation  variables  in  determining  those  tankage  materials  that  are  suitable 
for  long-term  storage  of  hydrazine-type  fuels  with  negligible  pressure 
rise. 
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pm or:p  A .V!  ST!l l.'C  H 

To  bridge  the  gap  between  laboratory  compatibility  samples  and  the 
long  etorability  required  of  operational  liquid  systems,  the  Air  Force 
Rocket  Propulsion  Laboratory  (AFRPL)  has  been  conducting,  for  the  past 
5  years,  a  program  entitled  "Packaged  Systems  Storability.  "  Tills 
program  deals  with  the  long-term  (5  to  10  years)  storage  of  tankage, 
components  and  integrated  propulsion  feed  systems  with  earth- storable 
fuels  and  oxidizers.  Tankage  materials  under  investigation  include 
aluminum,  steel  and  titanium  alloys,  Test  systems  include  tankage;  and 
complete  teed  systems  including  tankage,  components,  expulsion  devices 
and  gas  pressurization  systems.  Previously  tested  under  this  program 
were  integrated  systems  consisting  of  tankage  and  feed  system  components. 

The  test  systems  encompassed  by  the  program  are  divided  into 
three  basic  groups;  (1)  small  containers,  (2)  representative-type 
tankage,  and  (3)  tankage  with  associated  expulsion  devices  and/or  feed 
system  components. 

GROUP  I:  SMALL  CONTAINERS 

All  tankage  in  this  group  is  of  approximately  1 -quart  capacity 
manufactured  from  aluminum  and  steel  alloys.  The  purpose  for  using 
this  tankage  group  is  to  evaluate  a  particular  problem  or  to  evaluate  a 
promising  material.  These  test  articles  are  relatively  cheap  and  serve 
as  excellent  "screening"  devices.  Because  of  their  small  size,  these 
containers  cannot  duplicate  the  manufacturing  and  quality  control  problems 
associated  with  larger-size  tanks.  There  are  three  types  of  tankage  in 
this  group: 
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1 .  3-  by  h-lncT  Containc r s 


There  arc  28  containers  of  this  type  in  the  program.  All  containers 
are  manufactured  of  2014-T6  aluminum.  Containers  manufactured  by 
McDonnell  Douglas,  General  Dynamics,  Martin  and  North  American 
Kockwell  (seven  from  each  firm),  were  tested.  These  were  a  direct 
offshoot  of  t'no  leakage  problem  encountered  with  the  Titan  II  weapons 
system,  and  were  indicated  to  determine  if  N^>4  (Specification  MIL-P- 
26539)  and  2014-T6  aluminum  was  an  "unstorable"  propellant/mate r iai 
combination,  or  if  the  1’itan  II  leakage  problem  was  solely  a  Martin 
fabrication/quality  control  problem.  Figure  2  shows  tanks  of  this  type. 

2  .  Alcoa  1-Quart  Containers 

These  tanks  are  Alcoa  standard  containers  for  material  compat¬ 
ibility  testing  and  are  used  to  evaluate  the  storability  of  various 
aluminum  alloys  with  NgO.  and  CIF,..  The  aluminum  alloys  are: 

2014-To,  202  1-  1%,  2219-T81,  3003,  5456  T-6  and  7007- T6.  Tankage  of 
this  type  is  shown  in  Figure  3. 

3.  Arrle  Cylinders 

'These  are  small  containers  developed  by  Arde,  Inc,  ,  as  high- 
pressure  CO.,  cylinders  of  AiSI  301,  c ryogenically  stretch  formed 
stainless  steel.  They  are  used  to  evaluate  the  storability  of  this 
material  in  both  aged  and  unaged  condition  with  N^O^,  CIF-  and 
They  are  illustrated  in  Figure  4. 

GROUP  II:  REPRESENTATIVE  TANKAGE 

'The  tankage  in  this  group  varies  in  size  from  10-gallon  capacity 
up  through  a  full-scale  Agena  tank,  and  encompasses  tankage  fabricated 
solely  for  use  as  test  articles  in  this  program  as  well  as  surplus  tankage 
from  actual  oper aliorutl  systems.  The  tankage  in  this  group  is  fabricated 
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through  current  or  advanced  state -of-  Liie-art  methods,  and  the  types  of 
fabrication  and  quality  control  problems  encountered  durian  the  course 
of  manufacture  of  this  tankage  group  would  likely  be  encountered  during 
the  manufacture  of  an  operational  liquid  rocket  system  rimn.  <hree 
basic  types  of  tanks  in  this  tankage  group; 

1.  Storability  Test  Articles 

These  are  tanks  of  10-  to  15-gallon  capacity  procured  especially  for 
use  in  this  program.  These  are  tanks  which  were  either  manufactured  by 
Convair  (Figure  5)  or  Martin  (Figure  6)  as  a  part  of  several  procurements 
over  the  course  of  several  years.  The  tankage  is  manufactured  from 
several  aluminum,  steel  and -titanium  alloys.  It  was  manufactured  using 
large-scale  production  methods,  and  includes  dome,  girth,  cylindrical, 
and  longitudinal  welds  characteristic  of  Large  tankage  design.  Manufac¬ 
turing  process  records,  X-ray,  photographs,  inspection  logs  and 
metallu.“gical  samples  of  welded  and  unwelded  materials  wore  delivered 
with  the  tanks  to  serve  as  documentation.  The  tanks  are  loaded  with 
N2O4  (Specification  MSC-PPD-2A),  C1F-  and 

2.  Existing  Tanks 

These  are  tanks  that  were  donated  or  were  surplus  to  other  AFRPI, 
programs,  or  tankage  from  operational  liquid  rocket  systems.  The  tanks 
are  as  follows; 

a.  Bullpup  Tanks.  These  are  three  2014-16  aluminum  tanks 

(Figure  7)  manufactured  by  the  Reaction  Motors  Division  of  the  Thiokol 
Chemical  Corp.  ,  and  are  loaded  with  (Specification  MSC -  PPD-2 A) 

b.  Minimum  Cost  Design  Tai  ks.  These  are  four  tanks  of  II Y- 140 

steel  and  six  tanks  of  Maraging-200  steel  (Figure  8).  They  were  designed 
to  demonstrate  90-day  storability  ol  (Specification  Ml  1 P- 26 5 30) 

and  UDM11  as  part  of  the  AFRPI.  Minimum  Cost  Booster  Program. 
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c,  U  LPR  Tanks.  These  tanks  were  surplus  from  the  AFRPL 
Ultra  Low  Pressure  Rocket  (ULPR)  Program  (Figure  9).  They  are  two 
2219-T81  tanks  and  are  loaded  with  ^2^4  (specification  MSC-PPD-2A). 

cl.  Ageu a  Tank.  This  was  a  tank  utilized  to  demonstrate  VU-day 
storability  of  N^O^  (Specification  MSC-PPD-2A)  as  part  of  the  Agena  E 
program  (Figure  10).  The  standard  Agena  oxidizer  is  IRFNA. 

3.  Solid  State  Bonded  Tanka 

These  tanks  were  hardware  delivered  under  an  AFRPL  program 
with  Martin  to  demonstrate  the  explosive  bonding  technique  in  the  fabri¬ 
cation  of  tankage.  Two  configurations  (Figure  11)  of  tankage  were 
fabricated  from  A286  stainless  steel  and  one  configuration  was  fabricated 
of  6dA  titanium.  The  A2Su  tankage  is  loaded  with  (Specification 

MSC-PPD-2A)  and  CIF^,  while  the  Ti-65A  tankage  is  loaded  with 
(Specification  MSC-PPD-2A). 

GROUP  111:  EXPULSION  SYSTEMS  AND  COMPONENTS 

In  an  operational  system,  an  expulsion  device  is  often  integrated 
into  the  tankage  to  ensure  that  single-phase  liquid  is  fed  to  the  engine. 

Since  this  is  the  case,  the  storability  of  this  combination  must  be 
evaluated.  Also,  any  liquid  rocket  feed  system  has  components  associated 
with  it,  and  an  assessment  of  the  component  storage  characteristics  is 
necessary  to  design  properly  a  liquid  rocket  propulsion  system.  Test 
articles  in  this  group  represent  an  attempt  to  assess  the  storability  of 
components  and  expulsion  systems.  The  test  articles  in  this  group  are: 

1.  Metallic  Reversing  Diaphragms 

There  are  two  types  of  tankage  in  testing  associated  with  its  expul¬ 
sion  device  (Figures  12  and  13).  In  all  cases  the  tankage  is  AISI  301, 
cryogenically  stretch-formed  stainless  steel.  One  group  of  six 
tanks  12  inches  in  diameter  has  a  304L  stainless  steel  reversing 
diaphragm  and  is  similar  to  that  developed  for  LITVC  tankage  on  the 


8 


third  stage  of  Minuteman  III.  These  test  articles  are  loaded  with  N.O, 

2  4 

(Specification  MSC-PPD-2A),  C1F,  and  l^H^.  Two  28-inch-diaineter 
conospheroid  tanks  are  also  being  tested  with  (Specification 

MSC-PPD-2A).  These  tanks  have  an  AISI  321  stainless  steel  expulsion 
diaphragm.  All  of  this  tankage  was  manufactured  by  Arde.  Inc. 

2.  Rolling  Diaphragm 

These  are  three  tanks  fabricated  by  the  Reaction  Motors  Division  of 
Thiokol  Chemical  Corp,  (Figure  14).  These  tanks  have  an  1100-0 
aluminum  expulsion  diaphragm  bonded  to  a  Maraging-200  steel  shell  and 
are  30  inches  in  diameter.  Test  article'-  are  loaded  with  (Specifi¬ 

cation  MSC-PPD-2A). 

3.  AFRPL  Integrated  Systems 

The  tanks  here  are  similar  to  those  described  under  Group  II 
Storability  Test  Articles,  but,  associated  with  the  tank  on  tubing  located 
on  the  top  and  bottom,  are  fluid  components  normally  found  in  liquid 
rocket  systems.  The  tankage  is  either  2219-T81  aluminum  or  AM350 
steel.  Fluid  components  consist  of  a  pressure  switch,  explosive  valve 
and  burst  disk.  Fittings  are  AFRPL  mechanical  fittings  1MIL-F-27417) 
and  TIC  welded  joints.  Since  tankage  material  and  component  materials 
are  of  both  aluminum  and  steel,  intermetal  transitums  are  made  using 
both  mechanical  fittings  and  solid  state  bonded  transition  joints.  These 
systems  are  shown  in  Figures  15  through  19. 

4.  Prepackaged  Feed  Systems 

These  are  test  articles  developed  by  General  Dynamics  Corp.  ,  and 
consist  of  2219-T86  EB  welded  tankage,  with  either  a  rolling  diaphragm 
or  surface  tension  screen  expulsion  device,  and  either  a  liquid  propellant 
gas  generator  (LPGG),  solid  propellant  gas  generator  (SPGG)  or  high- 
pressure  stored  gas  device  (GD)  pressurization  systems.  Systems  are 
loaded  with  (both  MIL  and  MSC  specifications),  ClFg  and  MHF-. 

They  are  shown  in  Figure  20. 
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SECTION  III 


TEST  FACILITIES 

Storage  testing  of  tankage  loaded  with  oxidizer  is  conducted  in  a 
metal  Quonset  hut  slur  age  teat  building  equipped  to  provide  a  constant 
controlled  environment  of  85  +  5°F  and  85  +  5  percent  relative  humidity. 
The  oxidizer  storage  test  facility  is  insulated  by  a  spray-in-place  foam 
(polyurethane).  Environmental  conditions  are  maintained  by  two 
evaporative  coolers  and  immersion  water  heaters.  Safety  provisions  in 
this  facility  consist  of  a  firex-type  water  deluge  system,  large  water 
drain  piping,  fire  detectors,  a  continuous  toxic  vapor  detector  and 
closed-circuit  television  monitoring.  The  oxidizer  storage  facility  is 
presently  being  modified  by  the  addition  of  an  automatic  conditioner 
shutdown  and  scrubbing  system,  which  will  be  operated  when  an  excess 
of  oxidizer  vapor  is  detected  by  the  facility  toxic  vapor  detector. 

The  storage  testing  of  fuels  is  conducted  in  a  building  equipped  to 
provide  controlled  temperatures  and  uncontrolled  relative  humidity,  The 
temperature  inside  the  fuel  facility  can  be  controlled  at  any  temperature 
between  +65°and  +165°F.  Temperature  conditioning  is  maintained  by  a 
heating  and  refrigeration  system.  The  fuel  storage  building  was  originally 
insulated  with  a  spray-in-place  polyurethane  type  of  form  insulation. 

This  installation  has  subsequently  been  shown  to  be  a  fire  hazard.  At 
the  present  time,  testing  is  suspended  pending  replacement  of  the 
insulation  with  a  fire-retardant  variety.  It  is  expected  that  fuel  testing 
will  resume  in  November  1971. 
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SECTION  IV 


proc.  eider  es 


The  test  articles  utilized  in  this  program  are  procured  from  aero¬ 
space  contractors  and  arc  fabricated  with  tooling  and  fabrication  methods 
currently  in  use  in  liquid  rocket  systems.  The  primary  responsibility 
for  quality  control  and  quality  assurance  of  the  test  articles  is  vested  in 
the  manufacturer  of  the  test  article.  To  ensure  high-quality  test  articles 
for  use  in  this  program,  procedure  specifications  governing  all  aspects 
of  the  te3t  article  manufacture,  inspection  and  cleaning  were  either 
generated  or  identified  for  use  in  the  procurement  of  all  test  articles  in 
this  program. 

All  test  articles  with  the  exception  of  the  integrated  pressurization/ 
tankage/  expulsion  systems  procured  from  General  Dynamics,  are  leak 
checked  by  helium  mass  spectromet*>r  and  verified  to  be  clean  at  the 
AFRPL  to  ensure  against  the  development  of  leaks  and  the  introduction  of 
contamination  during  shipment  of  the  test  articles  from  the  manufacturer. 

Following  this,  the  test  articles  are  loaded  with  propellant  and 
placed  in  the  appropriate  storage  facility  for  storability  testing.  The 
oxidizer  tankage  is  montored  for  leakage.  The  fuel  tankage  is  monitored 
for  excessive  pressure  rise. 

Oxidizer  tankage  is  removed  when  evidence  of  leakage  is  found. 

This  leakage  is  detected  either  through  observation  of  an  actual  liquid 
leak,  or  the  detection  and  location  of  a  vapor  leak  by  means  of  the  facility 
toxic  vapor  detector.  This  instrument  can  also  be  configured  as  a 
"sniffer"  to  pinpoint  leakage. 

In  the  event  of  excessive  pressure  rise  in  a  fuel  tank,  the  tank  is 
vented  and  propellant  and  ullage  gas  samples  are  taken.  Tanks  which 
exhibit  continued  pressure  rise  are  removed  from  testing  and  analyzed  to 
determine  whether  the  pressure  was  due  to  an  isolated  instance  or  is 
indicative  of  a  lack  of  storability  of  the  material. 
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SECTION  V 


DISCUSSION  OF  RESULTS 

A  summary  of  all  test  articles  and  the  results  to  date  are  presented 
in  Tables  I  through  IIIA.  Detailed  analysis  of  all  test  article  failures  in 
this  program  are  presented  in  the  appendices  of  the  reports  published 
during  this  program  (References  2  through  4).  The  failure  analyses  in 
this  report  cover  those  analyses  performed  from  January  to  July  1971. 

A  general  discussion  of  the  results  obtained  from  each  tankage  group  is 
presented  below. 

GROUP  Is  SMALL  CONTAINERS 

1.  3-by  6-Inch  Containers 

This  type  of  tankage  is  no  longer  in  test.  Of  the  28  containers  that 
were  placed  in  storage,  23  were  still  loaded  with  propellant  when  the  test 
was  terminated.  The  failure  of  four  of  the  five  tanks  that  were  withdrawn 
from  storage  testing  can  be  attributed  to  poor  container  end-plate  joint 
design,  which  in  turn  resulted  in  poor  weld  penetration  (Reference  2), 

The  failure  of  the  other  vessel  was  due  to  nitric  acid  attack  on  the  exterior 
surface  which  led  to  eventual  development  of  stress  corrosion  cracking 
and  vessel  failure.  The  failure  analysis  performed  on  this  vessel  does  not 
indicate  whether  the  initial  nitric  acid  attack  resulted  from  vapor 

leak  in  this  vessel  or  from  N^O^  leaking  from  some  other  vessel  in  the 
storage  facility  and  then  condensing  on  the  vessel  in  question. 

The  3-  by  6-inch  containe r  testing  was  terminated  for  three  reasons. 
First,  at  the  time  of  testing  at  which  these  containers  were  terminated 
(5  March  1971),  a  total  of  1  522  days  of  testing  was  accumulated  on  the  23 
containers  under  test.  It  was  ft* It  that  this  was  enough  storage  time  to 
demonstrate  the  storability  of  the  NFO./2014-T6  aluminum  combination. 
Secondly,  the  floor  space  taken  up  in  the  facility  by  these  test  articles  was 
needed  for  other  more  representative  types  of  test  articles.  Finally,  the 
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testing  of  the  3-  by  6  -  inch  containers  was  terminated  because  the  basic 
design  of  the  containers  was  a  poor  one,  and  as  a  result,  few  data  perti¬ 
nent  to  flight-type  systems  were  gathered. 

2.  Alcoa  1 -Quart  Containers 

Testing  of  containers  ioaded  with  was  suspended  5  March  1971. 

As  of  that  date,  no  leaks  had  been  detected  in  any  of  the  16  containers 
being  tested  with  N^O^.  The  principal  reason  for  withdrawing  these 
containers  from  testing  was  to  utilize  the  floor  space  in  the  facility  taken 
up  by  these  containers  for  more  advanced  test  articles.  A  secondary 
consideration  was  that  all  but  two  of  the  aluminum  alloys,  5456  and  7007, 
were  represented  in  other  test  articles  in  this  program. 

Testing  of  Alcoa  container s  loaded  with  ClF^continues;  of  the  37  test 
articles  originally  put  in  storage,  25  are  still  being  tested.  Failure  analysis 
of  those  tanks  withdrawn  from  testing  indicated  that  the  failure  mechanism 
was  one  of  stress  corrosion  cracking  initiated  by  the  presence  of  dilute 
HF  on  the  external  surface  of  the  test  article.  As  with  the  above  2014-T6 
aluminum  3-  by  6-inch  container ,  the  failure  analysis  cannot  indicate 
whether  the  HF  resulted  from  a  CIF^  vapor  leak  in  seme  nearby  tank/ 
container  with  the  HF  condensing  on  the  container  which  leaked  or  from 
the  leaking  container  itself.  In  1970,  four  2C14-T6  aluminum  tanks  were 
withdrawn  from  storage  testing  with  bad  cracks  in  the  fitting  boss  weld, 
but  prior  to  actual  failure,  as  evidenced  by  leakage.  The  analysis  of  the 
cracking  (Reference  4)  in  these  tanks  v'ould  seen  to  lend  credence  to  the 
argument  that  the  cause  of  cracking  (determined  to  be  stress  corrosion 
cracking)  may  have  been  due  to  the  HF  condensed  on  the  surface- of  that 
the  HF  was  from  some  tank  other  than  the  one  in  which  , l  r,  c'(r,s 
corrosion  cracking  developed.  The  foregoing  argument  is  dh  sed 
further  in  the  failure  analysis  report  of  a  Group  II  tank. 


16 


5.  Arde  Cylinders 


Of  the  59  test  articles  placed  in  o  storage,  aK°^>  ^  unaged), 

P  1  IT  /  ^  eno/ 4  nno  rrarli  onrl  V  14  /  1  o  n  rinr)  1  .1  imnirisrl)  nn  I  a  n»-i 
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aged  vessel  load  with  CIF^  has  been  removed  from  testing.  This 
failure  was  the  result  01  an  environmentally  induced  stress  corrosion 
crack,  and  occurred  over  a  2-day  period  when  approximately  7.  5  gallons 
of  OIF,,  were  released  into  the  oxidizer  test  facility.  This  large  release 
of  ClFj.  resulted  in  a  high  concen  ration  of  HF  buildup  in  the  facility  and 
was  at  least  partially  responsible  for  the  leakage  of  this  tesf  article. 

The  reason  for  this  large  release  of  C1F.  will  be  discussed  later  under 
Group  III  tankage,  ARRPL  Integrated  Systems,  Discounting  this  one 
leak,  it  would  appear  that  the  301  cryo-stretched  material  is  an  excellent 
material  for  use  in  liquid  rocket  tankage, 

GROUP  II:  REPRESENTATIVE  TANKAGE 

1.  Storability  Test  Articles 

The  tankage  failures  encountered  during  testing  of  this  group  of 
test  articles  are  probably  the  most  significant  of  the  entire  problem. 

These  failures  give  a  firm  indication  as  to  the  areas  where  improvements 
can  be  made  to  increase  the  storability  of  various  propellant/material 
combinations. 

During  this  program,  five  titanium  vessels  (three  of  6A1-4V  titanium 
and  two  of  5Al-2.5Sn  titanium)  failed  as  a  result  of  loading  with  "brown" 
(MIL- P-26539B).  All  of  the  titanium  tanks  leaked  within  35  days 
after  loading  with  Both  the  6A1-4V  and  the  5Al-2.5Sn  titanium 

alloys  were  in  the  annealed  condition  when  tested,  The  use  of  "green" 
^2^4  (Specification  MSC-PPD-2A)  was  considered  at  the  time  of  loading 
the  tanks;  however,  the  stress  levels  in  the  tankage,  based  on  the 
nominal  loads  and  thickness,  were  considerably  below  the  threshold  for 
the  stress  corrosion  cracking  reported  (16  ksi  nominal  stess  versus  40  ksi 
reported  threshold).  Also,  the  test  temperature  was  significantly  below 
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the  temperature:  at  which,  problems  were  encountered  (85°versus  U0°F.) 
On  tin;  basis  ot'  the  above  considerations,  stress  corrosion  cracking  was 
not  thought  to  be  significant.  Failure  analysis  of  the  five  tanks  (Refer¬ 
ences  £.  and  3)  indicates  that  stress  corrosion  cracking  in  the  weld  area  and 
heat-affected  zone  was  responsible  for  the  failure  of  these  tank3. 

Currently,  there  are  three  6A1-4V  tanks,  similar  in  design  to  the 
5A1-2.  5Sn  tanks  described  above,  in  the  program  that  are  loaded  with 
"green"  (Specification  MSC-PPD-2A).  These  tanka  have  been 

tested  for  approximately  2  years  with  no  indication  of  leakage.  Based  or. 
the  foregoing,  the  use  of  "green"  is  encouraged  for  all  systems 

utilizing  titanium. 

A  second  type  of  failure  encountered  with  high  frequency  during  the 
storage  testing  of  these  test  articles  is  hot-short  cracking  in  and  around 
the  area  of  double-pass  welds.  These  may  either  be  start-stop  zones  or 
repair  welds.  In  either  ca3e,  there  is  a  high  probability  of  hot-short 
cracks  which  lead  to  vessel  failure.  To  compound  the  problem  further, 
these  defects  are  often  missed  during  the  course  of  normal  quality  control 
operations.  Failures  of  this  type  are  indicated  in  the  failure  analyses 
presented  in  References  2  and  3.  Quality  control  operations  should  be 
structured  so  as  to  decrease  the  chances  of  such  a  defect  slipping 
through. 

One  failure  encountered  in  this  program  indicates  poor  design  on 
the  part  of  the  test  article  manufacturer.  This  is  documented  in 
Reference  3.  In  this  case,  7039-T6  aluminum  vessel  with  N^O^fMIL-P- 
26539  specification)  failed  because  of  stress  corrosion  cracking  along  the 
short  transverse  grain  direction,  Afier  failure,  a  stress  analysis  was 
performed,  and  excessive  stress  was  found  to  exist  along  that  grain 
orientation,  thereby  allowing  a  predication  of  the  vessel  failure  mode 
prior  to  loading  of  the  tank  with  propellant.  A  careful  review  of  this 
design  would  have  prevented  this  vessel  failure. 
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The  final  and  most  common  type  of  failure  encountered  in  this  program 
and  also  with  a  group  of  test  articles  is  failure  due  to  environmentally  induced 
corrosion  crackng.  1  ms  failure  mode  has  been  documented  in  fail¬ 
ure  analysis  performed  by  Martin- Marietta  Corporation  and  in-house  by  the 
AFRPL  Metallurgical  Laboratory  (References  3  and  4).  This  is  the  failure 
mode  alluded  to  earlier  in  discussing  the  failure  of  1 -quart  Alcoa  containers 
loaded  with  CIF^.  In  the  above  vessel  failure  mode,  stress  corrosion 
cracking  is  induced  by  diluted  acid  on  the  exterior  surface.  This  acid 
comes  from  the  hydrolysis  of  oxidizer  vapors  whose  source  is  a  small  leak 
in  a  vessel  in  the  storage  facility.  Whether  the  source  of  the  leak  is  the 
actual  vessel  that  fails  or  some  other  vessel  is  open  to  question.  There  is 
some  experimental  evidence  to  support  both  conclusions.  The  work  clone  by 
Martin  (Reference  1)  as  part  of  the  Titan  II  leakage  problem  would  indicate 
that  vapor  leakage  in  a  vessel  would  in  time  lead  to  a  liquid  leakage  in  that 
vessel.  Failure  analysis  done  by  Martin-Marietta  on  two  vessels  containing 
revealed  the  presence  of  fluorides  on  the  exterior  surface  (Reference 
2).  The  only  source  of  fluorides  in  the  storage  facility  was  the  C1F,.  stored 
in  the  building.  This  would  in  turn  indicate  that  GIF,  vapor,  whose  source 
was  a  ClFj.  vapor  leak  in  another  lest  article,  hydrolized  in  the  humid 
environment  of  the  test  facility  to  form  1  IF,  which  in  turn  condensed  on  the 

N90  vessels  and  initiated  stress  corrosion  cracking  which  led  to  test 
<14 

article  failure. 

Of  the  failures  classed  as  due  to  environmentally  induced  stress 
corrosion  cracking,  a  majority  occurred  in  tankage  fabricated  from  either 
17-7PH  or  AM350  steel  and  loaded  with  C1F-.  In  no  case,  were  nitrates, 
indicating  nitric  acid/N^O^  attack,  found.  This  would  indicate  that  the  use 
of  either  17-7PH  or  AM350  steels  with  CIF.  would  be  unwise. 

D 

The  only  way  to  eliminate  this  type  of  failure  would  be  to  isolate  each 
tank  from  every  other  tank.  In  view  of  the  extensive  facility  modification 
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require. i  to  Ho  :  i:ts,  t : :  i  s  h)  • «;  rnalive  is  not  being  considered  at  this  time. 

It  is  honed  'hat  ins  tea  l,  '.he  install  a  lion  of  toxic  vapor  detectors  (as  dis¬ 
cussed  in  Set  lion  II!)  will  substantially  reduce  the  incidence  of  this  type  of 

fai  In  re  hv  rlpft  I*  i  n  t  Ilf*  A  rrtnrd  r,  I  t*3l  intt  nf  n  vi  f)  i  .  o  .  irannv 

is  detected. 

Although  hydrazine  testing  is  currently  suspended  pending  a  facility 
modification,  almost  a  year  of  testing  was  completed  prior  tc  the  termina¬ 
tion  of  testing.  While  firm  conclusions  cannot  be  drawn  on  the  basis  of 
pressure  rise  data  collected  to  date,  it  appears  that  17-7PH  and  AM350 
are  unsuitable  for  high- temperature  (>100°F)  storage. 

2.  Existing  Tanks 

a.  Bullpup  Tanks.  All  three  continue  in  storage.  They  have 
accumulated  over  3  years  of  storage. 

b.  Minimum  Cost  Design  Tanks.  Of  the  ten  tanks  of  this  type, 

two  of  the  MY- MO  tanks  were  loaded  with  M_0  ,  and  two  with  UDMH.  Three 

2  4 

of  the  Maraging-200  tanks  were  loaded  with  and  three  with  UDMH. 

The  storage  testing  was  to  demonstrate  a  90-day  loaded  padlife  without 
leakage  or  excessive  pressure  rise.  This  90-day  padlife  was  demonstrated 
and  the  tankage  removed  from  testing  with  the  exception  of  two  maraging 
steel  tanks  which  were  retained  for  continued  evaluation  of  the  storabilicy 
of  this  material  with  M^O^.  Approximately  2  years  of  storage  time  have 
been  accumulated  or.  the  two  tanks  still  being  tested. 

c.  ULiJR  Tanks.  Testing  of  Lhese  tanks  was  terminated  after 
approximately  3  years  in  storage.  At  the  time  the  tanks  were  removed  from 
testing,  r.o  leaks  had  developed.  These  tanks  were  removed  to  provide 
floor  space  for  more  advanced  test  articles. 

d.  Agena  Tank.  This  tank  was  tested  to  demonstrate  a  90-day 
sloraoility  with  N^O  in  support  of  the  Agena  E  (Advanced  Agena)  Program 
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which  contemplated  a  change  from  JRFNA  to  N^O^.  The  requirement  was 
met  and  the  tank  was  remove .!  from  testing  at  the  end  of  that  time. 

GROUP  III:  EXPULSION  SYSTEMS  AND  COMPONENTS 

1 .  Metallic  Reversing  Diaphragms 

All  teat  articles  of  this  type  loaded  with  oxidizers  are  still  being 
tested  with  no  leakage  observed.  Those  test  articles  loaded  with  hydrazine 
have  been  withdrawn  from  testing  and  will  be  returned  to  testing  when  the 
modifications  to  the  fuel  storage  facility  are  completed.  During  the  storage 
testing  of  these  articles  with  hydrazine,  no  excessive  pressure  rise  was 
noted. 

2.  Rolling  Diaphragm 

Of  the  three  test  articles  initially  placed  in  storage  testing,  two 
remain.  The  third  developed  a  leak  after  3  months  of  storage  testing. 

The  leak  was  due  to  failure  of  a  hub- to -diaphragm  weld.  Thit  failure 
points  to  an  area  where  increased  quality  control  inspection  would  be  in 
order. 

3.  AFRPL  Integrated  Systems 

Testing  of  these  articles  has  been  suspended  and  will  not  be 
resumed.  This  action  is  a  result  of  the  extensive  damage  sustained  by 
the  fluid  components  when  7.  5  gallons  of  CIF,.  were  released  into  the 
facility.  The  CIF,.  was  released  when  a  manual  weld  in  the  tubing  on  the 
bottom  of  an  AM3  50  steel  tank  failed  because  of  a  tungsten  inclusion  in  the 
weld.  This  release  of  ClFc  caused  leaks  in  the  above  AM350  tank  and  an 
Arde  cylinder  also  loaded  with  CIF^.  Following  the  leak,  all  test  articles 
of  this  type  were  removed  from  testing  and  examined.  It  was  then  deter¬ 
mined  that  the  fluid  components,  particularly  the  pressure  switches  and 
transition  joints,  sustained  unacceptable  damage.  At  this  time,  the  instal¬ 
lation  was  reconfigured  to  allow  testing  of  the  tanks  alone.  The  fluid 
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components  were  retained  for  analysis.  Appendix  I  presents  the 
results  of  post-storage  tests  of  squib  valves  associated  with  the  test 
articles.  The  tanks  associated  with  these  test  articles  are  now 
reported  in  Group  II-Storability  Test  Articles.  Testing  of  these  tanks 
will  resume  in  September  of  1971. 

4.  Prepackaged  Feed  Systems 

To  date,  there  have  been  no  failures  in  those  systems  loaded 
with  MHF-5,  Failures  that  have  occurred  in  systems  loaded  with  C1F.. 
have  been  the  result  of  propellant  leakage.  Leakage  has  occurred 
through  either  the  fill  tube,  which  was  welded  shut  (Reference  2),  or 
through  voids  in  the  gas  side  burst  disk  (Reference  4),  There  are  no 
more  systems  loaded  with  C1F.  under  test. 

There  has  been  one  leak  in  an  No0.  system  due  to  a  fill  tube  leak. 

2  4' 

Also,  seven  systems  have  been  withdrawn  from  tes'i-'g  because  of  a 
failure  in  a  regulator.  The  failure  was  due  to  environmentally  induced 
stress  corrosion  cracking.  Both  N-,0^  ant*  GIF-  hydrolysis  products 
were  found  on  the  surface  of  the  regulator. 
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SECT' ION  VI 


CONCLUSIONS 


The  Package  S  ystems  Storability  Proyram  lias  accumulated  a 
significant  amount  of  storage  time,  and  sufficient  data  have  been 
collected  so  that  tentative  conclusions  and  recommendations  can  be 
made.  The  conclusions  and  recommendations  are  based  on  failure 
analysis  reported  in  earlier  progress  reports  and  guneral  observations 
made  during  the  program. 

It  has  been  observed  that  double  heat  welds  which  occur  at  start/ 
stop  points  and  at  weld  intersections  or  at  weld  repairs  lead  to  a  high 
incidence  of  hot  short  cracks.  This  condition  is  especially  prevalent  in 
manual  repair  welds  because  of  poor  control  of  heat  input.  It  is  there¬ 
fore  concluded  that  quality  control  criteria  for  acceptance  of  welds  be 
made  stringent  enough,  especially  in  the  case  of  repair  welds,  to  preclude 
the  acceptance  of  defects. 

This  program  has  demonstrated  the  influence  of  propellant  chemistry 
on  storability.  In  five  separate  cases,  tankage  fabricated  from  titanium 
experienced  failure  due  to  stress  corrosion  cracking  (at  stress  levels 
below  the  generally  accepted  threshold  for  stress  corrosion  cracking)  in 
1  month  or  less  when  loaded  with  !lbrown"  (M I L-  P-26539  Specification 

Grade).  At  trie  present  time,  there  are  three  titanium  test  articles  with 
more  than  2  years  of  successful  storage  time,  loaded  with  "green'1  N^O^. 

In  one  instance,  it  was  noticed  that  because  of  poor  tank  design, 
excess  stress  levels  existed  in  the  short  transverse  direction  of  the 
material.  This  led  to  tank  failure  due  to  stress  corrosion  cracking, 
indicating  that  tank  design  must  be  careli  lly  scrutinized  to  preclude 
significant  stress  levels  along  stress  corrosion  sensitive  grain 
orientations, 
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The  presence  of  trace  amounts  of  tungsten  resulted  from 
inclusions  produced  by  the  tungsten  inert  gas  (TIG)  or  heliarc  welding 
process.  This  in  turn  resulted  in  the  rapid  development  of  weld  leakage 


in  welded  tube  joints  used  with  GIF..  This  is  because  the  tungsten  was 

r..  4  4  •  n  4  f  ,  .  f  I4  4  « 4  >  •>  ■»  n  /  f<  A  A  «  I  "  1  1  H  rr  14  ♦  .4  V4  O  11  n  4*  4  4  n  4|  W  rJ  4  14  f  1  I  *4  44  H  n  fi  1 1  I  fn  4 

euiuveu  tu  mo  tu  i  m  01  jaccuuo  *±**'-*  tn  vt**  i.  * 

in  a  leak  path.  The  process  is  somewhat  analogous  to  intergranular 
corrosion.  The  problem  of  tungsten  in  fluoride  service  pointB  up  the 
need  for  stict  quality  control  and  the  rejection  of  any  weld  showing 


traces  of  tungsten  inclusions. 
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SECTION  VII 


RECOMMENDATIONS 


In  line  with  the  conclusions  presented  in  the  preceding  section  of 
this  report,  tentative  recommendations  can  be  made  with  regard  to 
improving  the  storability  characteristics  in  liquid  rocket  propellants. 

It  is  recommended  that  quality  control  systems  be  reviewed  to 
preclude  the  possibility  of  the  acceptance  of  tankage  with  poor  design 
characteristics  (i.  e.  ,  excessive  stress  along  sensitive  grain  orientations) 
or  questionable  welds  (i.  e.  ,  hot  short  cracks  ir.  double-pass  regions, 
or  trace  inclusion). 

It  is  also  recommended  that  in  the  case  of  titanium  tankage  loaded 
with  the  propellant  have  sufficient  NO  content  to  prevent  initiation 

of  stress  corrosion  cracking. 
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Figure  15.  All -Welded  Stainless  Steel  Systems  for 
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TABLE  I.  GROUP  1:  SUMMARY  OF  RESULTS  (Continued) 


TABLE  II.  GROUP  II:  SUMMARY  OF  RESULTS 


J)  A 

3  '  i 


{SJ  ~  -  C  *+ 

<M  —  ~  ^ 


-  :0 

_3  ,r 


li 

-  C! 
W  *2  i 

*  E; 

r-i  u 


-o 

*-  2 

S  .21 


51 


m  f-  x  r-  ^ 

i  <sj  nj  I  i 


nj  rv] 

i  l 

o  o 


r- 

f- 

T" 

t- 

r- 

['- 

r- 

C" 

[— 

|- 

i- 

O' 

C-' 

I'¬ 

s~ 

'•£ 

v£ 

sD 

o 

-s 

-O 

O 

-c 

"3 

ve 

t*\ 

m 

fO 

<'0 

fO 

ro 

PO 

rO 

PO 

rO 

rO 

m 

m 

•* 

fO 

J. 

J. 

— 

-i 

1— < 

— 

J- 

J- 

J. 

J. 

3. 

— 

— 

X 

X 

J. 

c 

*S  1 
1* 

H 

L-i 

rt 

H 

V 

mi  '■ 

*=t 

o 

o 

o 

A  1 

<vj 

(M 

rsj 

>»: 


3 

a 


c 

c 

ert 

</) 

> 

> 

> 

m 

in 

■t 

— *< 

i 

-t* 

nj 

nj 

J, 

J. 

< 

< 

< 

< 

•n 

tn 

:-  p  n 


<*n 

O 

I- 


o  sr 

n  P±i 


*  i- 


nj 

o 

(M 


O 

P*i 


7 


1! 


■Z 

c 

— j 

u 

•H 

m~> 

•r— • 

c 

•i-* 

o 

vj’ 

»  ■t 

C 

r* 

.5 

w 

:  } 

o 

o 

Li 

Li 

L< 

L. 

Li 

***««. 

U 

L. 

u 

5 

d 

0 

d 

d 

d 

c 

a 

j2 

d 

d 

d 

r>. 

a 

2 

2 

2 

2 

2 

c 

c 

5 

/i 

2 

o 

xf, 

J 

o 

rt 

2 


y 

y 

a 

'S. 


5 1 

I' 

0  • 

2. 1 


o*  G-  cT  a  o"  d*  d 7  o1-  c*  cf  dr  cT  d1'  ot  cf  d 

'-Vl  Pvj  Fsl  <M^|rgrMfM  N"t«NNNJ 

Y  A.  A  A  A  A*  A,  A.  A.  A-  A .  X.  X,  X,  X.  O 


48 


M5C-PPC-2A  Specification  ^£^1 


TABLE  II.  GROUP  II:  SUMMARY  OF  RESULTS  (Continued) 
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1,  C.  Fatti no  at  al.  .  Improved  I .eak  Detention  Correlation  ©f  Actual 
Leakage  with  Initrumantation  Indications,  ~Effect  of  Humidity  on  Leak*  and 
Categortaatlon  of  Leak  Information,-  CR-46-145.'  Flriai'Ropbrt  DSRS  Y04IT, 
Contract  AF04(347)-576,  Martin  Company,  16  June  1964. 

2,  J.  E.  Branigan.  Long-Term  Storabillty  of  Propellant  Tankage  and 
Component!,  AFRPL-TR-o9-62,  Air  Force"  Rocket  Propulsion- LiSoratorv. 
Tiprlt  1969.' 

3,  R.  B.  Meara,  1st  Lt,  USAF,  Long-Term  Storability  of  Propellant 
Tankage  and  Component!,  AFRPL-TR-70-43,  Air  Force  Rocket  PropuU 
!ion  Laboratory,  May  1 9 70. 


4.  H,  M.  White,  2nd  Lt,  USAF,  Long-Term  Storability  of  Propellant 
Tankage.  AFRPL-TR-71-20,  Air  Force  Rocket  Propuleion  Laboratory, 
March  1971. 
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INTRODUCTION  AND  SUMMARY 


The  Teat  Program,  descrtbnd  heroin,,  lor  tho  Model  1242  and 
1 243  Explosive  Actuated,  1/2  inch  Line  Size,  Normally  Closed 
Valves  la  the  (Inal  aeries  of  teats  which  the  valves  were  sub¬ 
jected  to,  after  an  Edwards  Air  Force  naae  Test  Program  to 
tear  tho  valves  under  long  term  storage  conditions  while  tho 
unit*  were  pressurized  with  NjOg  or  CLF1.5, 

The  objective  o (  the  Teat  Program  was  to  determine  If  tho 
valves  were  still  opcrablo  after  the  long  term  storage, 
Although  the  Edwards  Air  Force  13a.se  Tost  Program  was 
Initially  Intended  to  last  flva  (■>)  years,  tho  tost  program  was 
cut  short  In  late  1969  due  to  system  failure.  (Non-valve 
related. ) 

A  total  ot  fourteen  (14)  Model  1242  Valves  and  fourteen  (14) 
Model  t?,43  Valves  were  originally  sent  to  Edwards  for  the 
test  program  In  November  1966.  Of  this  quantity  a  total  of 
ten  (10)  Model  1242  Valves  altd'olcven  (11)  Model  1243  Valves 
woic  returned. 

The  units  were  subjected  to  electrical  testa  and  subsequent 
actual!'. n  testing.  There  were  no  tost  failure's. 

Capability  of  the  units  to  properly  function  after  being  suo- 
jected  to  tho  test  program  has  successfully  been  demonstrated. 
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VALVE  DESIGN  PARAMETERS 
MODEL  1242 


Primary  Material 

Prosdui e 

Operating 

Proof 

Burst 

Estimated  Weight 

Cartridge  Data 

Bridgeware  Resistance 
No  l‘i  rc  Current 
All  K» re  Current 
Mating  Connector 
Firing  Circuits 

Flow  Rate 


JVtODEL 

Primary  Material 

Prey. sure 

Ope  rutin;; 

Proof 
Burst 

Estimated  W eight 

(Cartridge  Data 

B  ricl  'o.vi  re  Resistance 
No  Fire  Current 
Ail  Fire  Current 
Mating  Connector 
Fi ring  C ircuils 

Flow  Rato 


347  Stainless  Steel 


0-3000  PStG 
4S00  PStG 
6000  PStG 

0.  80  lbs. 


1 »  l  £  0.  2  ohms 
1  amp  or  l  watt 
4.  0  amps 

Betid  lx  PT06P-12-CS 
Pin  T3  C 

Pm  E  F 

4  lil’M  of  N  J  U.j  at  l  .  U  PSli) 

1243 


6061  -To  Al  Alloy 


0-3000  PStG 
4500  PStG 
6000  PStG 

0.45  lbs. 


I .  I  t  0.  2  ol.nid 
l  amp  or  l  watt 
4.  0  amps 

bend lx  PT  06 P-  1  2-8S 
Pin  B  ♦-vAvw*  C 
Pin  E  F 

4  GPM  of  N<?  04  at  l .  0  PSID 
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PURPOSE  OF  TEST 

Tho  objective  of  the  test  program  was  to  determine  if  the  Model  1242 
and  1243  Valves  would  successfully  function  after  being  subjected  to 
long  term  storage  testing  while  pressurized  with  either  N2O4  or  CLFLg. 

1 .  1  Description  of  the  Model  1243  Valve 

The  Model  1243  Valve  is  a  normally  closed,  cartridge  actuated 
valve  of  1/2  inch  line  size.  Upon  actuation,  the  valve  allows 
the  pressurization  fluid  to  flow  through  the  valve  and  perform 
its  function.  Valve  actuation  is  accomplished  by  explosive 
energy  generated  when  the  cartridge  is  ignited  by  application 
of  electrical  power.  The  valve  body  and  nipples  are  made  up 
of  6061  -T6  aluminum  alloy  of  welded  construction. 

The  Cartridge,  Model  3545,  is  an  electrically  initiated  pyro¬ 
technic  device.  It  is  comprised  of  a  cylindrical  housing,  •  an 
explosive  main  charge  (lead  azide),  redundant  initiating  circuits 
which  ignite  two  (2)  initiating  charges  (zirconium  potassium 
norrhlr) f  electrical  connector  wlv.cli  mates  with  a  PiOnciiii 
PT  ObP-l  2-b  S  connector  and  a  threaded  fitting  for  mating  with 
the  valve.  The  cartridge  is  hermetically  sealed  for  long  term 
3 to ragcabllity.  The  Model  3545  Cartridge  is  the  identical 
cartridge  which  Pyr'onctics  utilized  on  ihany  successful  space 
programs,  among  which  the  most  significant  was  the  Gemini 
program. 

The  valve  is  mounted  in  a  system  by  welding  the  nipple  protru¬ 
sions  to  mating  lines,  in  the  normally  closed  position,  internal 
leakage  is  prevented  by  integral  nipples.  The  nipples  are 
sheared  and  retained  within  the  valve  body  by  a  ram  propelled 
by  the  actuation  of  the  cartridge.  A  flow  passage  Ls  opened 
through  the  valve  by  the  shearing  of  the  nipples.  Valve  con¬ 
figuration  is  presented  in  Figure  l. 


1,2  Description  of  the  M oriel  1  242  Valve 

The  Model  1242  Valve  is  virtually  identical  to  the  Model.  1243 
Valve,  except  that  the  valve  body  and  nipple  material  is  347 
stainless  steel  instead  of  6O0I-T6  aluminum.  Belli  valves 
employ  the  same  cartridge  (Model  3545). 

1 .  3 _ Disposition  of  Test  Samples 

The  test  samples  have  been  retained  in  PyronolU-s  hornier!  stores. 
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2.0  REFERENCE  DOCUMENTS 


The  following  document*  comprise  the  criteria  for  this  test  program 
to  the  extent  specified  herein: 


h. !_ 

Military 

•  ■  ■  —  v  -  ■-  1  ■ 

MII.-C-45662A 

Calibration  System  Requirement* 
09  February  1962 

2.2 

Pyronetlca 

Drawing  1  242 

Valve  N.C.  Explosive  Actuated, 

1  /2"  Openings 

Drawing  1243 

Valve  N.C.  Explosive  Actuated, 

1  /l"  Openings 

TS  1242 

TS  1243 

Acceptance  Test  Specification 
Model  1242  and  1243 

19  September  1966 

3.0  TEST  DESCRIPTION  AND  RESULTS 


Ten  (10)  Model  1212  Valves  and  eleven  (11)  Model  12)3  Valves  wore  sub¬ 
jected  to  testing  as  described  herein,  Because  of  hardware  damage 
(caused  by  installation  and  removal  from  the  Edwards  test  system) 
proof  pressure  testing  and  helium  leakage  testing  which  would  have,  been 
desirable  fur  this  test  program,  could  not  be  performed. 

The  following  valve  serial  numbers  were  returned  front  Edwards  A I  ’  13 
tor  the  test  program: 


M udel  i  242 


Valve 

Cartridge 

Valve 

Cartridge 

S/N  626-0C3 

640 

S/N  626-014 

680 

626-004 

623 

626.015 

653 

626 -003 

625 

a  626-  UNK 

636 

626-010 

631 

626- UNK 

655 

626-01  1 

610 

626- UNK 

687 

Model 

1243 

Valve 

Cart  ridge 

Valve 

Cartridge 

S/N  627-002 

734 

S/N  627-008 

743 

627-003 

702 

627-010 

714 

627-004 

704 

627-01 1 

700 

627-005 

738 

627-012 

746 

627-006 

684 

627-014 

709 

627-007 

703 

*  Serial  numbers  eradicated  by  exposure  to  test  Quit!  media  at  Edwards  AFB. 


63 


PAGE 


5 


QC  R  6-030 


I NMfJea  tar' 

V. |KI>it<  e>  IMMCMTH4 

I00Z5  SHOEMAKER  AVE  , 
SANTA  FE  SPRINGS.  CA  90*70 


TEST  DESCRIPTION  AND  RESULTS  (CONTINUED) 

The  tests  performed  within  this  test  program  were  (1)  Visual  Examina¬ 
tion,  (2)  Bridgeware  Resistance  Testing,  (3)  Insulation  Resistance 
Testing,  (••)  Actuation  Testing  (with  measurement  of  hridgewi rc  hurn- 
out  timet,  and  (5)  Visual  determination  of  proper  actuation. 

Prior  to  the  test  units  being  returned  to  Pyrnnetics  they  were  exposed 
to  either  N2O4  or  Cl, FI.  5  as  is  described  in  paragraph  3.  1. 

The  test  descriptions  and  results  are  given  in  the  following  paragraphs. 

3.  I  Bong  Term  Storage  —  Pro pcllant  Exposure 

Data  furnished  by  Edwards  AFP  indicates  That  the  valves  which 
Pyronetics  supplied  were  weld  .  into  a  -  st  system  and  exposed 
to  pressurization  with  cither  N2O4  or  c.  l.c;.  The  units 
remained  in  the  system  for  a  maximum  period  of  sixteen  (16) 
months  prior  to  a  system  malfunction  which  cut  the  storage  test 
short  of  its  anticipated  five  (5)  year  term.  The  information, 
further  relates,  that  termination  of  the  test-  was  not  caused  by 
a  valve  failure,  lost  unit  serial  »iumi*io r.- ,  i.i'wpolluu!  'exposure 
media  and  start  and  stop  time  of  the  tests  arc  given  below. 

Model  1243 


Serial  Number 

Test  Fluid 

Exposun 

S/N  626-003 

CLFL5 

11/68 

621.-004 

CI.FL5 

11/68 

626-005 

N2O4 

6/ 68 

626- 010 

N2O4 

6/68 

626-01 1 

CL.FE5 

1  1/68 

626-014 

CL.FL5 

1 1  /  6  8 

626  ni<5 

CP.FL5 

1  1/63 

626  -I  NK 

N2O4 

6/68 

626-  rrNK 

N2  04 

6/68 

626-UNK 

N2  O4 

6/63 
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Model.  1242 
(Stainless  Steel  Valve) 


'  Serial  Number 

,  Test  Fluid 

Exposure  Sta  rt 

Exposure  Stop 

627-002 

n2o4 

6/68 

9/69 

627-003 

N204 

6/68 

9/69 

627-004 

N204 

6/68 

9/69 

'627-005 

n2o4c 

6/68 

9/69 

627-006 

CLFL5 

9 /6a 

9/69 

627-007 

n2o4  ; 

?  6/68 

9/69 

627-008 

clfl5 

11/68 

8/69 

j'.  v  ;627-0l0 

CLFL5 

11/68 

9/69 

627-01 1 

r  LFL5 

11/68 

9/69 

627-012 

clfl5 

11/68 

9/69 

627-014 

CLFL5 

11/68 

9/69 

As  was  reported  above,  no  test  failures  were 

experienced. 

Visual  Examination 

- - 

' .  •  •  ;  •  A-  ‘ 

'•  '  '  '  i  -i'  ‘  * 

All  units  were  subjected  to  a  visual  examination  upon  receipt  at 
Pyrorietics.  Results  arc  given  in  Table  1  for  the  Model  1242 
Valve, and  Table  It  for  the  Model  1243  Valve,  Allhough  most 
units  had  some  corrosion,  discoloration,  rust  (stainless  steel 
■  valve  only),  and  some' white  residue  (unknown  substance),  all 
valves  were  deemed  to  be  structurally  sound  and  capabLe  of 
retention  of  test  fluids.  ;  Unfortunately,  the  nipple  weldment 
stubs  were  in  such  a  condition  that  leakage  testing  could  not  be 
performed  without  extensive  valve' modifical i on. 

The  heat  discolo ration  found  in  the  nipples  was  attributed  to 
system  welding  operations.  Likewise  the  minor  rust  found  was 
determined  to  have  been  caused  by  welding  and  removal  opera¬ 
tions  which  were  probably  not  passivated. 

The  white  residue  is  of  an  unknown  substance.  The  etching 
which  was  found  on  the  exterior  surfaces  of  the  valve  bodies  is 
attributed  lo  direct  exposure  to  atmosphere  and  propellants  when 
the  system  malfunction  occurred, 

in  summation,  no  visual  damage  could  be  determined  as  having 
been  caused  by  the  long  term  storage  tests  prior  to  the  system 
malfunction. 
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_3, Jj _ Bridgewire  Resist;  ce  Testing 

1  u !>t  Requirement- 

Tho  resistance  nf  each  br idg^'vlrc  circuit  hall  «.be  measured  at 
laboratory  ernbient  conditions  using  a  lO  milliampero  maximum 
test  puiror.t,  Tho  roalsL.hco  of  each  circuit  dhall  be  I,  it  0.2 
ohnih  after  the  unit  has  been  stabilised-  .t  laboratory  ambient 
tempo rata re  for  one  hour  minimum. 

Tost  Be  hc  rip  lion 

Tho  units  were  assembl id  In  the  test  setup  shown  in  Figure  2 
and  the  electrical  mnllnuity  of  each  brld;»ewi re  circuit  was 
checked  nt  labor. itory  ambient  conditions  wlili  an  Alinco 
Ohmmutc!',  having  a  test  current  of. Joss  than  10  imlllampe res. 

Tost  lie au  ts 

Each  cartridge  checked  p.rssed  the  bridgcwlro  resistance 
requirement  of  1.  »  *0.2  ohm*.  The  minimum  nr.d  maximum 
re  sis  bine'.*  recorded  were  0.  9tf  ohm  to  !.  ll  s .  These*  results 
confirm  that  rio  evidence  of  flog radatinn  '.v-.s  sustained  as  a- 
result  iii  the  Edwards  lest  and  none  of  the  anils  vvas  rendered 
inoperative.  Reference  test  result!  in  Ap*M-ndi\  I. ... 


t.  4  fn  ml. ‘.lion  lb* si st.nu  e  T-  stirg 

Al*'  *gh  no  insulation  res»st.n;  e  test  roqni  rnm.  nts  wen*  im- 
p.riotl  by  Edwards  Al'fl,  lb.  Vodcl  Vil;;  (la  i idue  is  designed 
lo  have  a  ri.ini.nuni  insulation  resist. nice  of  r>(b)  megohms  when 
tested  al  S00  V  JjC  nn  a  inegoh tr-melo r. 

The  unils  were  assembled  ir.  (he  t  e  .  t  selnp  shown  in  Figure  .1, 
lu  f  in  formation,  all  twenty -one  id  I)  unils  were  checked  and 
the  re  si.;  (a  in:  n  recorded.  All  *  jiiiidi:1  •  ch-’c  \<  s|  passed  the 
**  •  J  0  i requirement.  I  he  minimum  i..  l  uiasimuru  rcsls- 
lanro  .  r.  carried  were  |')M)  me  colon-,  .md  1,10';  K  megohms, 
Reference  tejt  results  in  Appendix  |. 
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Winchester  Test  Lei<d>i 


FIGURE  Z  ~  nUiDGEWIRE  RESISTANCE  TEST  SETUP 
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3,  3  Actuation  Testing 
Test  ftcqulrarriani 

Each  valve  shall  be  actuated  by  applying  4.0  t  0,  1  amporag  to 
ne  of  the  cartridge  brldgawtreg,  No  response  tlma  shall  b«  ' 
m  easured  since  no  valve  pressurizing  can  bn  effected.  The 
h  idgewtre  burnout  time  shall  not  exceed  10  millisecond*. 

Tent  Description 

The  twenty-one  (21)  unite  were  assembled  in  the  test  setup  as 
shown  in  Figure  4.  Kach  valve  was  actuated  by  applying  4.  0  ^  0.1 
amperes  to  one  of  the  cartridge  brldgewi  res.  L'p*.:*.  actuation, 
the  normally  closed  nipples  wore  shea red  and  the  valve  was 
opened,  nridgev/iro  burnout  lime  was  recorded. 

Test  Results 

All  twenty-one  *21)  valves  actuated  to  the  open  mode  with  no 
restriction  in  the  flow  passage  and  without  any  detectable 
%:vid  once  of  damage  tw  }.*.c  .structural  mu  s*  <  ii^  ■.  u  luv  valves. 

Us  iduewire  burnout  occurred  between  2.40  and  <,  2b  miil i seconds. 
The  actuation  test  was  considered  .successful  rinre  the  po  r  fr>  nun  uc< 
parameter.?  and  subsequent  visual  ex.ur.ina!  i<  .n  proved  >ati.s  far.  lory. 
Reference  actual  test  results  in  Appendix  I  and  Appendix  2. 

3,  6  A»  tiution. V»  su.il  Kvami  nation  I 

All  ‘w.'Mty-osu*  <21 )  units  were  vi.sur.lly  ex  ueined  after  actuation 
testing  lor  proper  actuation.  All  1 1'. •-*  units  exhibited  no  restric¬ 
tion  in  ilie  flow  passage  indicating  p'op-r  actuation, 

4,0  CQNCM.S  IONS 

Accomp1  ishment  of  the  test  program  specifier!  herein,  signified 
acceptance  «i(  the  Model  1242  and  Model  I  z4  l  V;.lv«vs,  I’hc  units  fulfilled 
all  the  test  r<  qui  rein,  nt  s  whii  h  were  capable  of  being  performed. 

Examination  o •  the  data  indicated  excellent  repeatability  of  all  the 
functional  rh  ract »* ri -.1  i«  n.  i,  e,  ,  ignition  time  and  proper  actuation. 

Therefore  hu*md  on  the  data  obtained  during  the  te-4  urogram,  it  can 
only  !>•*  concluded  that  !he  valves  -:ul'fe  red  no  degradation  due  to  the 
Edwards  M‘l-  lc-4  jir-ijinm  yf  lunjt  h-’r.'ii  uln  ruge/pinpeilan*  exposure. 
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5.0  TEST  EQUIPMENT 

Tim  test  equipmont  anti  apparatus  employed  in  the  performance  o(  tho 
various  losts  described  herein,  are  listed  hulow,  All  equipment  was 
cheeked  for  reliable  performance  prior  to  Initiation  of  specific  tests, 
Accuracy  *na  capability  Is  a*  specified  and  nll'callbratlons  meet  the' 
requlrcmonts  oi  VfIl.-0-'l5662A,  and  are  traceable  to  the  National 
Bureau  of  Str  .cards, 


5.  1 

Tost  Equipment  - 

Urldecwl re  Resistance  Tost 

Instrument 

Vcr.ltion  Circuit  Tenter 

Manufactu  ror 

Allnco 

Model  No. 

101  D  A K,  8/N-5QI 

llanga 

0-10,  0  -  «d 0  nil nia 

Accuracy 

+  0.  0«J  ofimn 

Callb,  Proquoncy 

‘>0  days 

Call!),  Duo 

17  M  -  rc it  1  *>71 

5.2 

TosL  Equipment  - 

liiMulatlun  lV'ulfi (line e  T«vsl 

Instrument 

MeHol-.imv.oler 

Mfinufn  Mu  ro  r 

(  ’ft  Mi*  •*  1  l  |}  it  d  if)  Cl), 

Model  No. 

1  H 6 2  ll 

Range 

0,  -  ?.  ;<  1 0  ^  in  i^ohin.M 

Animacy 

1 

t  Ml  L  Is.  frequency 

Annual 

< Ml ih,  One 

J.')  Ovi'mr.iicr  1  071 

S.  1 

_  Tcs!  Kq'linnlcnt  - 

ActuMi-in  Tosjl 

Instrument 

UncUlmirupu 

iVtanufiicturer 

Tektroei  t 

Model  No, 

ri 0 2 ,  S/N  1)0951  1 

Range 

1  00  v  In  <i0  v/eiu 

A«  imii’hc  y 

i  vi'o 

Callb,  Frequency 

90  tlnys 

Calili.  Due 

l«  March  1971 

Iii'ii  rument 

Constant  Current  I’ulse 

M  uiui  facturor 

K  f.  H  DtivclupiiH.’nl  Co, 

Liang  e 

0-|0  ampn  ,  0-1  00  ms 

Accuracy 

i  0. 

C«IU\  frequency 

fi  month m 

Calib,  Duo 

J.uly  1971 
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TEST  SPEC  MO.  SZZ  —  TEST  NAME.  : - 
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ncriutiu.i  leak 

N/A 
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APPENDIX  II 


PROJECT  305805FRJ 

PACKAGE  SYSTEM  STORABILIT Y  REPORT 


LABORATORY  TEST  REPORT 


Report  Nr, 

:44N 


Date 

4  Mar.  1971 


Requeuing  Organisation  (Symbol  ar.d/or  Name) 

Phone  Number 

uuc 

.52282 

I  Saaple,  Teat  or  Project 


JOjjSOJFRJ  lackage  system  Jtorobility 

v/orit  inquired 

Oeterolne  Cause  of  Rupture  of  Regulator  Cueing 


m«*v 


I,  MATERIAL)  All  exposed  parts  art  of  etuinlsBs  steels,  exci-pt  the  tog  on  the 
ae-ling  wire  which  is  an  aluminum  alloy. 

II.  EACKOROUNDi  Tha  casing  of  the  regulator  (Fig, a  1,2,})  rujtured  during  storage 
testing  of  a  N,  0, /N^H,  system.  The  environment  ,  as  85*F  und  BjJi  relative 
humidity.  The  exterior  of  the  regulutcr  was  oaatu..  with  rc-ddi.-h-brown 
corrosion  products.  The  N’j  C,  /Nj  ^  ay.  tern,  had  r.ot  .euke-, 

III,  ICNCL'JCIOMS )  Ihree  ur.de  nimble  fuelers  contribute-  to  ruptura  of  the  thin 
wall  portion  of  the  regulator  casing.  1)  a  corrosion  .medium  of  chloride  und 
fluoride  ions  in  the  warm,  moist  environment j  Z)  u  r.e.icuii  thread-like 
groove  (fig.  })  und  })  a  lino  coating  .n  the  thin  all  portion.  The 
compressed  heavg  -prir.g  inside  tee  regulator  (Fig.  })  was  tne  final  factor 
contributing  to  rupture. 

IV.  TESTS  t  RESULT- i 

1.  Extensive  x-ray  fluorescence  a  t-minutlon  at  cooplcteu  on  ex* -red  and 
unexpoaed  Ejections  .  f  the  regulator.  Corrosion  proaucti,,  Curefully  '-craped 
from  the  thin  wail  section,  were  also  examined  by  x-ruy  fluorescent  Thu 


thus  de.tecteu  ore  -u 

folio.;,  .i;.teu  by  uir.ir.ir-h  mg  ;  eak  ir.ter.uity 

baaing  outside 

ir.ride  (unexj.otsed) 

re 

w'C 

Cr 

Jr 

din 

Cu  1 1.0 

ho  , 

„  (note  absence  -f  -r.) 

vU 

Si 

Ni 

It  la  esrtif lad  that  thla  li  an  accurata  report  of  taat  or  analysie  parfonaad  by 
tha  Chemical  A  Matariala  Branch, 

L  Py  SlaKatuffa  of  AMrovlne  Official 

Nana 

Mama 

Naaa 

Chatiical  &  Matariala  Branch  | 

RPL 


31 


85 


sealing  *lre  Corrosion  products 

r. 

Cr 
In 
Ov 
Ho 
Ni 

2.  X-ray  diffraction  of  the  corrosion  products  indicated  a  predominance  of 
uEf.orFr.oua  naterial  v.ith  small  amounts  f  Lore  cry -■.tall  in*  compounds  (namely, 
iron  oxides,  chromium  oxide,  zinc  oh.  , rj.de,  and  zinc  fluoride). 

3.  n  specific  ion  analysis  determined  the  .reuence  of  chlorides  und 
fluorides  in  the  corrosion  prou-ct.:..  The  teoulta  ».er«: 

u.03*  F- 

•  59*  11 

V.  ■■■US'JdSION  1  i'he  thir.  sail  portion  the  casing  (Fig.  3)  ruptured  out  to 
corrosion  er..cxs  and  flues  (Fig.  <■)  ilong  the  thread-like  groove  (*hich 
gre.tly  reauced  the  .  trer.gtn  of  th-t  region)  the  presaure  of  the 

compressed  heavy  spring. 

The  utt.ity  cr  purpose  .1  the  tr, read- .  I  ,;e  gro.ve  (Fig.  3)  mentioned  above 
is  not  obvious.  Houever,  in  a  cor."  ..  .vc  :•  ediuli  tn«  -ro;.ve  eould  behave  as 
a.n  anode  (that  *hich  could  corrode)  ..r.d  the  adjacent  ;:ct.l  as  a  cathode. 
7r.es,  cracks  cid  penetrate  the  ...ill  at  t.:e  groove  (Fig.  -),  *hile  only 
light  pitting  corrosion  oecurreu  else  ..here  (Fig.  5). 

The  ..rerence  cf  zinc  Jo  found  or.  the  --t.  ice  .’.ail  ,f  tne  regulator  is 
curious.  ..r.y  the  zir.c  in  tr.er,  i_  ..r.kr.uin.  ire  .a  fre  .uently  plated 
on  F..r.-stair..esi:  ;r  .do  iteels,  •..nert  it  i.’lte.n tior.nlly  erven  a  .  a 
r-asrifici ..  co-ting  for  corn. ••ion  .  r. taction.  )::e  . rigir.  cf  the  zinc  on 
..".e  casing  .  at.  if  quo-,  tiohy  0  t..,  .  ...in,,  M.-e  .ta  er-  t  .g  (Fig.  3)  'fere 
ek-ur.ir.eu  expre.-  siy  fur  ziac  u-i:terit.  r.c,  ns  de;;icac.e  zinc  content 
was  detected  or.  tro  e-.ing  .  ire  jr  t  .g,  tr.e  zir.c  -n  the  casing  must  have 
tec.’.  ae. to. rate  y  ;  iated ,  insti-d  if  j.:wl».iC:iily  noshed  r.tb  that  area. 

7h,  aetsrmin-tiu:  of  chloride.:,  f.unr.ues,  jr.u  z.nc  in  the  corrosion 
product  opens  more  ejection.-  t;  tae  ir.c,  apparently  present  uo  a 
cladding  material.  .  .uoride  u .-.re  deleterious  to  <,«t  ils  like  zinc. 

In  addition,  z.nc  chloride  in  tr.e  .re.  er.ee  ,.f  :.  oi:  ture  is  -sidle  and 
aggressively  corrosive.  So,  if  this  regul-t.r  v as  zinc  plate-,  it  is  not 
app-rcr.t  tc  this  metallurgy  -at  .  f.y  .1  .  h./uld  rave  c-aor.  use-  ir.  this 
particular  er.v.rcrucr.t. 
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Figure  2,  Rupture  of  Regulator  in  Situ 
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ALUMINUM  ALLOY  TANK  WELDS 


Katuaitlna 
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uMfjam  nn  mm 


bctMiatt  iM  7R35I  muJot  BEST 


fm  cTTroJaet  ’ 

305805 rRJ 

w*ih  Ba*araJ 

Exaninatlon  5456  Aluainuo  Alloy  Tank  Welde 


Hau  of  1 
U'oaitor 

Lt.  K.  Whit* 


F9  June  19?1 


Phone  iifiir 

)22&i 


It  MATERIALS:  5456 -T  Alualr.ua  alloy  1-qt.  Alcoa  tank)  5556  Ai  uxir.ua  alloy 
lug-to-tank  weld  filler. 

XI.  BACKGROUND  1  Tank  (S/N  79)  exhibited  external  cracka  in  the  lug-to-tana 
weldaents  during  atoruge  testing  in  as  environment  of  85*  T  and  85#  relative 
husidity.  Th*  tank  successively  contained  teo  fluids:  C17,  for  479  days, 
followed  by  C1T,  for  655  daya.  nitre  cracka  were  noted  in  the  lug-to-tank 
weldaents  after  tuch  teat  period,  although  th*  tank  did  not  leak  (aa  verified 
with  ON,  at  40  pai). 

III.  CONCLUSIONS  1  The  acidic  environment  caused  intergranular  corrosion 
cracking  on  th*  crown  of  the  welds.  Two  aicrostructural  feacturea  (heavy  coring 
and  large  dendrites  in  the  cracked  weld  region)  Indicated  exoeasive  heating  of 
weld  filler  during  welding. 

OBSERVATIONS  A  DISCUSSION: 

1,  Observation  1  A  vertical  croaa-aection  of  th*  lug-to-tank  region  was 
polished  and  examined  Betallographically  up  to  400X.  Tig.  1  abate  the 
■  crown  of  the  atop-p*»s  weld  and  two  cracka,  above  and  below  the  crown. 

Ih*  dendrite  six*  in  the  crown  cf  the  etop-paas  region  wae  very  fin*. 

(Mg.  2)  Th*  region  underneath  th*  crown  (which  would  be  th*  first 
weld  pass)  had  a  dendritu  aic*  double  that  of  th*  stop-paa*.  (Fig.  2) 
Other  weld  region*,  with  eracke,  had  dendrite  sizes  three-  to  five-fold 
the t  of  the  atop-paaa.  (Fig.  3;  note  ease  osgni fication) 
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DUeueolons  The  groea  dandrltee  in  tho  crackod  weld  veraua  the  fine 

.  1-  -----  -  •  >{■•  «.1_  A  mnnmi  H.rliM  » 

information.  The  larger  dendritee  resulted  iron  tha  weld  filler  tooling 
ora  a  loader  tiati  One  aflew«r*l <m*  ie  «adei  no  device#  ware  applied 
locally  around  tha  parlaotar  of  tho  wold  to  provide  a  npn-ucifora  haat 
link,  Therefore,  tho  diffartaoo  ia  daadrito  oioao  auot  ..eve  raaultad 
froa  axeauoiva  haatiag  in  tha  aold  aona  whara  tha  la.ger  dendritao  are 
o«aa.  Overheating  in  welding  io  known  to  ba  dalatariouo,  bacuuoa  tha 
aatarial  oonaot  cool  rapidly  enough  to  pravant  coring  and  grain  growth. 

(Coring  la  tha  rajaotion  of  Inpurity  and  alloying  conatituanto  to  tha 
grain  buundnriee  or  intardandrltie  apacao.)  Longer  cooling  tine  pwralto 
greater  ooring.  which  in  turn  createo  purer  aiuainua  dendrite  matrieea 
and  purer  non-aluainun  intardandrltie  aatarial,  whioh  in  turn  aakea  a 
galvanic  couple  for  eorroaion.  Thia  type  of  galvanic  corroaion,  which 
reaaablad  intargranuiar  attack,  waa  obaarvad  in  the  axaained  weldat  the 
larger  dendrite  aatarial  corroded,  whioh  on  tha  aurfaee  looked  Ilka 
eracka  ind  beneath  the  aurfaee  looked  like  exfolA*  -J tn. 

2.  A  croaa-aaction  of  the  vertical  atrip  on  the  girth  weld  waa  netallographlcally 
aounted  and  axaainad.  (fig.  4)  Tho  dendrite  alia  waa  approximately  one 
and  one-half  tioea  that  of  tha  atop-paaa.  Tha  intardandrltie  material  waa 
broken  up  or  not  aa  continuous  as  in  tha  lug-to-tank  weld.  A  tiny 
corroaion  pit  (Flg.a  4  b  5)  waa  obaarvad  on  the  crown  of  the  weld.  The 
crown  of  tha  atop-paaa  on  tha  lug-to-tank  weld  had  tha  aaallast  dendrite 
aiaa  obaarvad  and  exhibited  no  pita  or  cracka.  However,  no  certain 
Halting  dandrita  also  can  ba  recommended  by  thie  lib  below  which 
corroaion  would  not  have  oeov.rad  in  thia  environment.  Tha  pit  waa 
examined  at  higher  aagnlflcatlon  (Jig.  6)  to  find  that  in  tar  dendritic 
aatarial  remained  atanding  in  tha  corroded  area.  Thia  observation 
indicated  that  tho  interdendritlc  material  waa  cathodic  to  the  dendrite 
aatrux  (which  waa  anodie  and  corroded).  Thia  corroaion  relation* hip  waa 
preferred  for  optiaua  corroaion  reelatenee,  ainea  tha  dandrita  natrix 
had  tha  larger  aurfaoe  area. 


94 


Attachment  1 


Hicroprobe  Analysis  Work 

Raf  AFRPL  (RTCA)  Ub  Report  No.  156,  dtd  16  Dec  1970,  p«re  V.5, 
concerning  the  microprobe  enelyel*  work  which  wee  requeeted,  the 
following  Information  1*  submitted. 

Magna flux  Corporetloa,  Los  Angel** ,  Cellfornle,  performed  the  work. 
Their  finding*  showed  the t  theie  wee  no  abnormal  amount  of  CuAl. 
preclpltetee  at  the  grain  boundaries  as  had  bean  suspected.  Microprobe 
analysis  did  rsvetl,  hovsvar,  that  there  were  grain  boundary  precipi¬ 
tates  rich  In  Iron,  manganese,  and  aluminum,  It  could  not  ba  deter¬ 
mined  through  the  literature  whether  this  lron-maganase-aluainua 
precipitate  was  anodic  or  cathodic  to  the  parent  metal  grains. 

However,  discussion  with  Mr,  Leonard  W.  Boyd,  Jr.,  Supervisor  Metallurgical 
Laboratory,  Magnsflux  Corporation,  indicated  that  either  of  the  two 
conditions  mentioned  are  deleterious  to  the  metal,  i.e.,  would  enhance 
corrosion  at  the  grain  boundaries  If  the  preclpltetee  ware  anodic  to 
the  parent  natal,  they  would  preferentially  corrode.  If  they  were 
cathodic,  than  the  parent  matal  immediately  adjacent  to  the  precipitates 
would  preferentially  corrode.  The  latter  stataaiants  would  hold  true 
whan  an  appropriate  electrolyte  is  present,  In  this  case,  chloride  and 
fluoride  Iona  in  the  85X  relative  humidity. 

Sumarlslng,  the  cause  of  the  cracks  forming  In  the  weld  beads  of  tba 
2014-T6  aluminum  alloy  tanks  with  tha  1043  aluminum  weld  filler  metal 
vaa  Intergranular  eorroalon,  (Ref  Mat  Lab  Rapore  No,  156,  dtd  16  Dec  70) 

A  probable  secondary  cause  was  the  presence  of  lron-manganase-eluainum 
precipitates  which  microprobe  analysis  showed  to  occur  discontinuous ly 
at  tha  grain  boundaries.  This  precipitate  wse  found  primarily  at  tha 
canter  of  tha  weld  bead,  which  was  where  the  cracks  were  propogatlng, 
rather  than  in  the  haat-effectad  zones  (HAZ)  of  the  weld. 
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Figure  2.  Her. rl  rite  Size  of 
Stoo-Pass  (Lowe:  i  and  First-Pass 
(Vpper)  Welds  Below  Crown  on  Boss  Weld  (425  X) 
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March  >,  1971 


Socket  Propulsion  laboratory 
Bdwards  Air  Force  Base,  Califirnia  93523 

Attentions  Captain  Hector  Redo,  Chexistry  Branch  (RPTC) 

Dear  Captain  Redo: 

This  will  acknowledge 
guesting  our  corner, ants 
vessel.  V,'o  apologize, 
our  evaluation. 

feu  Will  find  attached  Alcoa  R.. search  laboratories'  Report 
ho .  13-51747  w.'.ich  discusses  the  causa  of  the  cracking. 

Thu  ur.u..ual  corrosion  affects  have  been  discussed  further 
with  our  Choxical  Matallurgy  h. vision  and  the  intercencritic 
corrosion  ar.d  cracking  that  resembles  cxfol -aticr.  of  Cwrtain 
of  thu  v»lde  as  unique  ir.  cur  experience .  It  appears  to  be 
related  to  vdds  shat  were  alloyed  with  the  2114  base  alloy 
to  ar.  unusual  degree.  Me  de  not  know  the  cause .  The  highly 
alloyed  condition  cic  not  exist  in  the  sheet  to  sheet  welds  in 
the  wall  vessel,  so  we  could  surxiso  that  in  making  the  forging- 
to-b.-.eet  welds,  a  greater  amount  of  heat  ray  have  beer,  put  into 
the  weld  to  insure  proper  fusion  and  penetration.  All  of  the 
welch  were  sound,  had  good  penetration,  and  appeared  to  be 
norm-i  except  for  the  extensive  alloying  and  coring  in  the  cracked 
forg_r.g-to~sh-et  welds.  The  atmospheric  environment  in  which  the 
exterior  of  the  vessels  was  exposed,  apparently  was  not  abnormally 
corrosive  as  the  2114-T5  sheet  revealed  general  intergranular 
attack  like  one  might  expect  in  a  saacoast  atmosphere. 

If  there  is  an  uncorroded  vessel  like  this  or.c  available  we  would 
he  -.-.ter acted  ir.  trg-ng  to  c.upl-o_t^  this  tom.  of  attain  in  some 
o;  t^.r  tec^leratee  ^x-fol-atior.  tests. 


your  letter  of  October  25,  1970,  ro- 
o ■-  the  Wwldcd  liquid  rocket  propellant 
for  the  length  of  time  it  has  taker,  for 
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description 


Or.e  small  welded  vessel  exhibiting  crack-  It.  the  v;  elements 
which  attaches  the  end  lugs  to  the  t..r..c  was  sabr.it ted  for  exanir.a- 
tior..  The  circumferential  ar.d  .a.-.^itudinal  v;clds  1.-.  the  tar.x  body 
did  net  reveal  the  presence  cf  eraewirg.  Tr.o  tank  and  lug  materials 
were  OCIm-To  alley  and  the  Ciller  material  was  sC13  allay. 


OBJECT 


OF  E MAMINA T. 


The  samples  were  examined  to  determine  the  cause  of  the 
weld  cracking. 

PESO ITS  0?  EXAMINATION 

Exar.ir.aticn  of  sections  from  the  welded  tank-lug  region: 


revealsd  that  the  cracks 
attack , 


the  weld  beads  resulted  fro.T.  corrosive 


a:,  exfoliated 


Inter dendritic  type  cf  attack  in  each  instance 
rerc  o:.c  crcv/r.  of  o f.o  ceao  ur.o  t’.cr.  scroaci  cut.  Cciusir 
cr.ditior.  as  illustrated  by  Figure.:  1  and  2.  The  r.icrcstructure  of 
he  weld  metal  ir.  these  corroded  r.giir.s  revealed  a  large  mount  of 


tank  ar.d  rug  sections  aur.r.g  we.ui.g.  ?r.e  ci.utior.  or  the 
filler  alloy  and  the  cored  structure  cf  the  veld  bead  is  v: 
apparent  in  the •r.ierostructuro  show.,  in  Figure  3.  An 
section  fr or.  one  relatively  large  w,  ld-d  tank  to  lug  w. 
not  reveal  any  evidence  cf  crack*.-,  v  ,  exhibited  sor.e  c 


JO 


[ 

E 

fe 


.  „d  cat  also  showed  a  surface  layer  hav.'r.g  a  typical  Os’ 


itr..a v-r-a  os  Ci-ustrateu 


unis  ur.corroaec 


by  Figure 

...y  ,-,uV  c  boor.  ir.  a  sta.'t-otcp  region  since  one  area  shows  si 
'.is.:-  cT  sonar  cation  between  the  body  of  weld  with  coring 
:vor  area  of  -V3  allcv  as  illustrated  by  firt-re  5, 


1J 


.h  the  absence  of  cracking  in  the  welds  r.adc  in  the  vessel 


of  the  iiC 


o  -  ; : _ er 


at  .....  oK..ec tea  t.-.a;  very  xittiC  ci  ration 
occv.r.ud.  ..owe vc r  t  w hen  these  welds  were  .T.etalioy'-’apr.i.  ally 
w  ^  n  1  *.**  1  2Lrr.cnr.tz  of  c o r i !"i ^  v/ •  cb s c r v c  31r.ee  who 


nna  .ysi 


.1  coa'd  not  be  deter::.,  ned  jr.etailographically , 
;f  the  weld  beads  was  wade.  The  results  of 
aly.-ls  ir.  '.Vole  1  show  that  although,  the  c^.-per  and 
an  content  was  about  the  sar.e  ir.  both  welds,  ..  much  higher 
a  a.  :'.c  on  was  present  ir.  the  •..•elds  that  did  not  fail. 


C..0  cxa:::ir.ed  samples  also  ravealed  the  p.  S3er.ce  of  ir.te: 
-la.-  t srrcsi'.'e  attack 
d-pth  of  . C135" . 


ir.  the  lelc-lo  alloy  tank  body  extending 


re. 


..•or.  this  examination  it  is  evident  that  toe  weld  failures 
_t--d  fr«..  corrosive  attack.  It  is  Relieved  that  in  the ^  large 


*  c  -T-v 


Is  f 


C  _  v  *  4  w  u  Oc«u 


Ii'ivlr.  ■  v .■  *. w r w ■; ■.  z.r*~/z‘~  scly  c r  vrelcl  i- 1  1  lev/  Ir.  silicon.  II 
the  excessive  dilution  of  the  filler  alloy  cannot  Oe  corrected  by 
a  change  ir.  we  lair,  g  practice,  it  r.ay  Oe  possible  to  increase  corro¬ 
sion  resistance  of  the  diluted  bead  by  placing  a  cover  pas3  of 
iO-<3  or  lid  type  alloy  over  the  original  weld  bead. 


M.  it 

...  ,,k  W..  V  o  f  ^  wi  a  r*  6*  / 

n£rw.  C  w  j  •  <  .  ...  dudiU,  r 

iP 

c  c  :  H .  Y .  I-iun sicker,  A 7.L 

-  rr — * 
m..  -j 


Approved  by  R.  H.  Stevens 


106 


WELD 


Spec .  Mo  . 

'Mold 

Si 

Cu 

Kg 

Fe 

Mn 

2^3022 

Circumferential 

2.30 

1.63 

.12 

.34 

•  36 

•243032 

Lug  End 

•  S3 

1.87 

.10 

.33 

.21 
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Shove  olunlnun-Jilicon  olio:’  etructura 
oovsrlnj  a  portion  or  tfca  dilute  9343  wold  costal. 


